We present a novel approach of binarization for gray images. The proposed algorithm uses the normalized graph cut(Ncut) as the measure for spectral clustering, and the weighted matrices used in evaluating the graph cuts are based on the gray levels of an image, rather than the commonly used image pixels. Thus, the proposed algorithm requires much smaller spatial costs and much lower computation complexity. Experiments on text images in natural scene show the superior performance of the proposed method compared to the typical thresholding algorithms.
Introduction
In many image processing applications such as document processing, cell motion estimation and automatic target recognition, the object and background of images need to be separated, that is, binarization process, also known as thresholding process. The key of thresholding is how to choose the best value of threshold, and there are many methods of threshold choice such as the histogram technology [1, 2] , adaptive approach [3, 4] , the gradient method [5] and all relevant edge detection method [6, 7] , and so on. Despite the various ways appearing in recent decades, choosing the optimal threshold automatically is still a pending problem in image processing.
Spectral clustering has gradually gained attention from research on text classification, images segmentation and information retrieval [8, 9] . In [9] the proposed algorithm uses the normalized graph cut [8] measure as the thresholding principle to distinguish an object from the background and a large number of examples are presented to show the superior performance of the method. But it is still a thresholding algorithm that has limitations to deal with the cases when backgrounds have the similar color or intensity to that of the objects. In this paper, we propose a new image segmentation method based on gray histogram and spectral clustering. In our approach, the histogram of intensity is used for the object of grouping, we partition the image into two parts using the gray levels of an image rather than the image pixels. For most images, the number of gray levels is much smaller than the number of pixels. Therefore, the proposed algorithm occupies much smaller storage space and requires much lower computational costs and implementation complexity than other similar algorithms.
The rest of the paper is organized as follows. Section 2 introduces the theory of spectral graph partition briefly. Section 3 presents the individual steps of our approach. The experimental results are given in section 4. Finally, section 5 concludes the paper.
Theory of Spectral Graph
The basic method used by image segmentation is to view an image as a weighted undirected graph (,) GVE = , where the nodes of the graph are the points in the feature space, and an edge is formed between every pair of nodes. The weight on each edge, (,) wij , is a function of the similarity between nodes i and j. A graph (,) GVE = can be partitioned into two disjoint subsets A and B, subject to , ABABV φ ∩=∪= , by simply removing edges connecting the two parts. The degree of dissimilarity between these two pieces can be computed as total weight of edges that have been removed. In graph theoretic language, it is called the cut [8] :
The optimal bipartitioning of a graph is the one that minimizes this cut value. There are many criterions to measure the quality of the final partition results. Then the Normalized Cut value of a bipartition result can be defined as follows [8] :
respectively, is the total connection from nodes in A or B to all nodes in the graph. And now, the minimal Ncut value is just corresponding to the optimal bipartition of the graph. In order to minimize (2), we can transform the optimization problem into solving the eigenvalue system, ,W is a symmetric matrix with size of NN × , λ is the eigenvalue and z is the corresponding eigenvector. Shi and Malik [8] have proved that the second smallest eigenvector of the eigensystem (3) is the real value solution to the normalized cut problem of (2) .
When the size of an image is too big, it is difficult to solve the above eigensystem, especially if the affinity matrix W is constructed by taking each pixel as a node, the size of eigensystem would be NN × (N is the total number of pixels in an image).
Our method
where h n and w n is the height and the width of the image, respectively. H represents the histogram of gray, (,) fxy is the gray value of position (,) xy .Then, V,H and (,) fxy satisfy the following formulas. 
Using just the intensity value of the pixels and their spatial location, we can define the graph edge weight connecting the two nodes i and j as: 
Given an image, we can construct a histogram-based matrix M that is similar to [9] by computing the all weights of nodes in the corresponding graph. ,where L is the number of gray level of histogram. Now, let M be the affinity matrix, we can get a complete approach of image segmentation using spectral clustering [8] .
Note that the size of the affinity matrix M depends on the number of graylevel L , rather than the number of all pixels N in an image. Meanwhile, the size of eigensystem to solve is LL × , rather than NN × , and usually, L with a fixed size is much smaller than N . Hence, the complexity of computation and spatial cost reduce greatly.
Experimental Results
We perform a series of experiments to test the performance of this method. Our method is compared with two other methods: the Otsu thresholding method [10] and the Ncut-based thresholding method [9] . We choose them because the Otsu method is a simple but classic solution employed by many image segmentation schemes, while the latter is an Ncut-based but thresholding solution proposed recently. Firstly, we can see our segmentation result is almost same to the Otsu's from Fig.1 , and the parameter settings in formula (7) Table I The segmentation result of three methods for normal images Table II The segmentation result of three methods for abnormal images natural environment. From Fig.2 , we can see the latter two methods both based on Ncut criterion are superior to the Otsu method from the experimental results. In Fig.3 , The proposed method can be the right segmentation at a reflective white spots within the part of black spots on the letter 'B', which is difficult to achieve for the conventional thresholding methods. Finally, we choose 150 images with clear differences and 50 images with blur text respectively to test the three methods. The aim of the three algorithms is to separate the "foreground (texts)" from the "background (non-texts)". The precision p and recall r are used to evaluate the methods, which are defined as follows. 
Conclusion
Image segmentation is a long-standing problem in image processing. Due to its simplicity and efficiency, thresholding is a widely used method for solving this problem. But, it could not handle the cases when backgrounds have the similar color or intensity to that of the objects. In this paper, the proposed spectral clustering can do with the issue by using spectral graph theory. And this method controls the complexity of algorithm effectively by changing the clustering objects from pixels to gray levels. The experiment results from text images have proved its superiority to the traditional thresholding method.
